Cytotoxic T cells and natural killer cells defend us against disease by secreting lytic granules. Whether actin facilitates or thwarts lytic granule secretion has been an open question. Recent results now indicate that the answer depends on the maturation stage of the immune cell-target cell contact.
Cytotoxic T cells and their close brethren natural killer (NK) cells lyse virally infected cells and tumor cells by first forming a specialized contact with the target cell known as the immunological synapse [1] . The formation of this synapse is driven in large part by the creation of a radially symmetrical inward flow of actin in the cortex of the T or NK cell at its site of apposition with the target cell [2] . This centripetal actin flow has been shown in T cells to be generated by a combination of Arp2/3-complex-dependent actin polymerization in the outer portion of the immunological synapse, and the contraction of myosin-2-decorated, formin-generated actin arcs in the medial portion [3] [4] [5] [6] . Actin assembly and flow are required for the formation and sustained signaling of receptor microclusters, the activation of integrins, and the correct spatial distribution of these and other key components of the mature immunological synapse [7, 8] .
Concomitant with this large-scale remodeling of the actomyosin cortex, T cells and NK cells rapidly reposition their centrosome, placing it just under their plasma membrane at the center of the synapse [9] . This serves to aim their microtubule-based secretory machinery in the direction of the target cell to support the polarized secretion of lytic granules, whose contents kill the target cell without incurring collateral damage.
A new paper by Carisey et al. [10] , in this issue of Current Biology, addresses the question of actin's role in the secretion of lytic granules from the center of the immunological synapse. Traditionally, cortical F-actin has been regarded as a barrier to vesicle secretion, such that cells must first clear it before vesicles can dock and fuse [11] . Consistent with this view, recent lattice light-sheet microscopy images of T-celltarget-cell conjugates [12] showed that an initial dense mat of actin in the cortex of the T cell at its site of contact with the target cell is largely if not entirely cleared from the center of the synapse as it matures ( Figure 1A,B) . Similarly, the center of mature synapses in lipidbilayer-engaged T cells typically appears 'actin-poor' in confocal micrographs, especially when compared with the outer portions of the synapse described above [3] [4] [5] [6] . But is F-actin really eradicated from the center of the immunological synapse from where lytic granules are soon to be secreted?
Two seminal papers that addressed this question were published in 2011 by the groups of Dan Davis [13] and Jordan Orange [14] . Using super-resolution microscopy (specifically, 3D structured illumination microscopy or 3D SIM, and stimulated emission depletion microcopy or STED) of fixed NK cells engaged with an activating surface, these groups showed that the center of the NK cell immunological synapse contains a pervasive meshwork of actin filaments/fibers. While clearly hypodense compared with the periphery of the synapse, this network still appeared to serve as a barrier to lytic granule secretion, as the average pore size of the meshwork was about half that of the average diameter of these granules. Importantly, upon cell activation, holes of a size sufficient to allow the passage of lytic granules were observed near the site of the repositioned centrosome. Moreover, granules were seen to dock precisely at these sites. Based on these and other data, the two groups of authors concluded that a fine actin meshwork present at the center of the immunological synapse serves as a barrier to lytic granule secretion that can be readily overcome by cell-activationinduced changes in its pore size. Importantly, as elegant as the lattice light-sheet images of T-cell-target-cell conjugates described above are [12] , this diffraction-limited imaging modality almost certainly lacks the resolution and sensitivity to see the fine actin network described in the papers from the Davis and Orange labs.
To define the dynamics of actin at the lytic synapse, Carisey et al. [10] used STED and SIM coupled with total internal reflection (TIRF-SIM) to image live NK and T cells engaged with activating surfaces. Once again, they observed a fine network of actin spanning the mature lytic synapse that is composed of small actin foci embedded within both straight and branched filaments/fibers. While this network was largely static in terms of directional flow, it was dynamic at the nanoscale level. Moreover, measurements of pore size within the network over time showed that the peak in appearance of holes large enough for lytic granules to pass through coincided with the time when granule secretion peaks (about 30 min for NK cells and 5 min for T cells). Importantly, freezing actin dynamics using jasplakinolide or blocking myosin-2-based contractility using blebbistatin both resulted in significant decreases in lytic granule exocytosis. One straightforward interpretation of these results is that this fine actin network creates a barrier to secretion that can be overcome either by actin filament dynamics ( Figure 1C ) or by local contractions within the network caused by bipolar filaments of myosin 2 ( Figure 1D ), both of which could create openings in the network that allow lytic granules to access the plasma membrane fusion machinery.
Experiments performed by Carisey et al. [10] using the Arp2/3 inhibitor CK-666 showed that a significant fraction of the fine actin network is created by this nucleator, which builds branched actin networks. The origin of the straight filaments/fibers remains somewhat of a mystery, however. One possibility is that they correspond to the branched network that has been remodeled by a bundling protein like fascin [15] . Alternatively (or in addition), they could be generated by one or more formins, which create straight actin filaments. This would be consistent with the recent results of Murugesan et al. [5] , who showed that the formin mDia1 creates linear, myosin-2-decorated actin fibers that dominate the medial portion of the T-cell immunological synapse. It would also be consistent with the large increase in the amount of straight filaments at the NK lytic synapse seen by the authors following CK-666 addition [10] , as a similar result in T cells was attributed to an increase in formin-dependent nucleation downstream of increased G-actin availability [5] . Unfortunately, efforts by Carisey et al. [10] to test the contribution of formins using the panformin inhibitor SMIFH2 [16] were hampered by technical difficulties; R156 Current Biology 28, R148-R169, February 19, 2018 Current Biology Dispatches perhaps the knockdown of specific formins in NK cells using RNAi could resolve this issue [5] . Finally, while CK-666-treated NK cells exhibited larger pores at the immunological synapse, the secretion of lytic granules was inhibited, suggesting that Arp2/3-generated filaments may play some special role in facilitating exocytosis. In a final twist to the theme of this Dispatch, Ritter et al. [17] reported recently that lytic granule exocytosis is followed immediately by an increase in actin assembly at the lytic synapse, which serves to block further granule release ( Figure 1E ). Moreover, Rab27a-deficient T cells, which cannot release lytic granules [18] , do not show actin assembly at the immunological synapse following stimulation, suggesting that the secretion of these granules somehow signals actin polymerization. Interestingly, both actin loss ( Figure 1A to B) and recovery ( Figure 1C ,D to E) correlate with altered phosphatidylinositol 4,5-bisphosphate (PIP 2 ) levels at the synapse. Of note, Carisey et al. [10] did not observe increased actin assembly after lytic granule release from NK cells, suggesting that this phenomenon may be specific to T cells.
In summary, the results of Carisey et al. [10] show us that nanoscale actin filament/fiber rearrangements within a fine actin network at the mature lytic synapse are caused by actin dynamics and myosin contractility and serve to support lytic granule secretion. What seems in order, therefore, is a more nuanced appreciation for the role of actin at the lytic synapse, much as has evolved in the field of neuroendocrine cell secretion [11] . Too much cortical actin (i.e. the dense actin mat seen in the center of immature lytic synapses in T-celltarget-cell conjugates [12] ) is a foe to secretion. But some cortical actin (i.e. the fine actin meshwork seen at the center of mature lytic synapses formed on activating surfaces [10, 13, 14] ) is a friend to secretion. One major challenge now is to image this latter actin network in the context of T/NK-cell-target-cell conjugates, as this represents the most physiological context in which to understand lytic granule exocytosis. This will require a clever solution, however, as such conjugates place the immunological synapse in an imaging plane that is not ideal for live-cell, super-resolution microscopy. Another major challenge is to define exactly how actin and myosin are organized at the lytic synapse to create forces that support lytic granule secretion and cytotoxicity [19] . Finally, efforts to meet these challenges may reveal new roles for actin at lytic synapses [20] .
